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VWUDWHJLHVIRU WKHRSHUDWLRQRI WKHV\VWHP´6LPXODWLRQRIFRQVWUXFWLRQRSHUDWLRQVDOORZVFRQVWUXFWLRQSODQQHUVDQG
HVWLPDWRUVWRSUHGLFWSURGXFWLYLW\DQGWRHYDOXDWHFRQVWUXFWLRQRSHUDWLRQVEHIRUHVWDUWLQJVLWHZRUN/LWHUDWXUHUHYHDOV
FRQVLGHUDEOHZRUNRQFRPSXWHUVLPXODWLRQIRUPRGHOLQJUHSHWLWLYHF\FOLFRSHUDWLRQV>@'LVFUHWH(YHQW6LPXODWLRQ
'(6PHWKRGLVWKHPRVWIDPRXVW\SHRIVLPXODWLRQ,WVHUYHVDVDSRZHUIXOWRROLQDQDO\]LQJDQGEUHDNLQJGRZQ
FRPSOH[ SUREOHPV &RQVHTXHQWO\ LW JUDEEHG WKH ELJJHVW VKDUH RI UHVHDUFKHUV¶ DWWHQWLRQ IRFXVLQJ SDUWLFXODUO\ RQ
FRQVWUXFWLRQRSHUDWLRQV>@

'(6PRGHOV D V\VWHPDV D QHWZRUNRISURFHVVHV WKDW DUH VRPHWLPHV SUHFHGHGE\TXHXHVZKHUH VWDWH FKDQJHV
RFFXU DW GLVFUHWH SRLQWV RI WLPH ,Q '(6 PRGHO HDFK XQLW IORZV WKURXJK WKH V\VWHP DQG UHVHUYHV UHVRXUFHV WR
FRPSOHWHDMRE:KHQWKHMRELVDFFRPSOLVKHGWKHXQLWUHOHDVHVWKRVHUHVRXUFHV4XHXHVWHPSRUDULO\KROGXQLWVLQ
FDVHUHVRXUFHVDUHQRWUHDGLO\DYDLODEOH7KHVHDFWLRQVDUHFDOOHGHYHQWV>@7UHPHQGRXVHIIRUWVKDYHEHHQH[HUWHG
E\PDQ\ UHVHDUFKHUV LQ WKH FRQVWUXFWLRQ ILHOG WRPRGHO DQG VLPXODWH YDULRXV FRQVWUXFWLRQ RSHUDWLRQV+DOSLQ >@
GHYHORSHGDSRZHUIXOPRGHOLQJHOHPHQWFDOOHG&<&/21(ZKLFKVLPSOLILHGWKHVLPXODWLRQDQGPRGHOLQJSURFHVV
IRUXVHUVZLWKOLPLWHGVLPXODWLRQEDFNJURXQG&<&/21(ZDVODWHUXVHGDVDEDVHIRURWKHUVLPXODWLRQV\VWHPVDV
VKRZQLQ7DEOH0DUWLQH]>@SURGXFHGDPRUHHYROYHGVLPXODWLRQWRRO6752%26&23(7KLVWRROLVFDSDEOHRI
KDQGOLQJXQFHUWDLQW\QRWRQO\LQWLPHEXWDOVRIRUGLIIHUHQWUHVRXUFHTXDQWLWLHV0DUWLQH]DQG,RDQQRX>@GHYHORSHG
WKHV\VWHP(=6752%((=6752%(¶VPDLQREMHFWLYHZDVWRUHGXFHWKHFRPSOH[LW\DVVRFLDWHGZLWKWKHLUSUHYLRXV
PRGHO6752%26&23(
7DEOH&<&/21(6LPXODWLRQ(OHPHQWV
(OHPHQW
1DPH &20%, 1250$/ 48(8( )81&7,21 &2817(5 $552:
0RGHOLQJ
(OHPHQW
6\PERO
   
 


1RPHQFODWXUH
&<&/21( 'LVFUHWHHYHQWVLPXODWLRQV\VWHPIRUFRQVWUXFWLRQRSHUDWLRQV
'(6  'LVFUHWH(YHQW6LPXODWLRQ
(5  (QWLW\5HODWLRQVKLS
*,6  *HRJUDSKLF,QIRUPDWLRQ6\VWHP
*36  *OREDO3RVLWLRQLQJ6\VWHP
3')  3UREDELOLW\'LVWULEXWLRQ)XQFWLRQV
6WURER6FRSH 6WDWHDQG5HVRXUFH%DVHG6LPXODWLRQRI&RQVWUXFWLRQ3URFHVVHV
%DFNJURXQG
(VWLPDWLQJ DFWXDO SURGXFWLYLW\ RI FRQVWUXFWLRQ MREVLWHV LV HVVHQWLDO LQ IRUHFDVWLQJ WLPH DQG FRVW UHTXLUHG WR
FRPSOHWHFRQVWUXFWLRQRSHUDWLRQVZLWKJRRGDFFXUDF\>@5HFHQWDGYDQFHPHQWV LQDXWRPDWHGVLWHGDWDDFTXLVLWLRQ
WHFKQRORJLHVPDGHLWIHDVLEOHWRWUDFNDQGPRQLWRUFRQVWUXFWLRQRSHUDWLRQVLQQHDUUHDOWLPH>@*36KDVEHHQ
XVHGLQPDQ\DVSHFWVRIFRQVWUXFWLRQRSHUDWLRQVVXFKDVFROOLVLRQDYRLGDQFHRIHTXLSPHQWFDOFXODWLRQRIGXUDWLRQVRI
HDUWKPRYLQJ DFWLYLWLHV $V ZHOO *36 ZDV XVHG WR PRQLWRU WKH FRPSDFWLRQ OHYHO RI YDULRXV OD\HUV RI URDG
FRQVWUXFWLRQ 7KH FRQVWUXFWLRQ LQGXVWU\ KDV DOUHDG\ HPEUDFHG WKH XVH RI *36 LQ FRQWURO RI VLWH VXUYH\LQJ DQG
HDUWKPRYLQJRSHUDWLRQV

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*36FDQEHXVHGWRWUDFNWKHORFDWLRQRIZRUNHUVDQGHTXLSPHQWRYHUDZLGHUDQJHRIJHRJUDSKLFDQGJHRPHWULF
VFDOHV7KHXVHRI*36IRUHDUWKPRYLQJRSHUDWLRQVKDVUHSRUWHGO\OHGWRDQLQFUHDVHRILQSURGXFWLYLW\DQG
 LQ FRVW VDYLQJV IRU VKRUW KDXO GLVWDQFH SURMHFWV+RZHYHU IRU ORQJ KDXO GLVWDQFH WKH DGYDQWDJHVZHUH OHVV D
SURGXFWLYLW\ LQFUHDVHRIDQGFRVW VDYLQJVRI>@&DOGDVHWDO >@GHYHORSHGD V\VWHP LQWHJUDWLQJ
*36DQG*,6LQZKLFK*36ZDVXVHGWRUHFRUGWKHSRVLWLRQRISLSHVSRROVRQDFRQVWUXFWLRQSURMHFW0RVHOKLDQG
$OVKLEDQL >@SUHVHQWHGDQHZPRGHO IRU WKH WUDFNLQJDQGFRQWURORIHDUWKPRYLQJRSHUDWLRQV7KHLUPRGHOXVHV
VSDWLDO WHFKQRORJLHV LQFOXGLQJ *36 DQG *,6 WR IDFLOLWDWH DXWRPDWHG GDWD DFTXLVLWLRQ 7KHLU SURSRVHG V\VWHP LV
GHVLJQHGIRUKLJKZD\FRQVWUXFWLRQSURMHFWV

6LPXODWLRQRIHDUWKPRYLQJRSHUDWLRQVDOORZVFRQVWUXFWLRQSODQQHUVDQGHVWLPDWRU¶VSUHGLFWLRQDQGDVVHVVPHQWRI
RSHUDWLRQV SURGXFWLYLW\ >@ 7KH OLWHUDWXUH UHYHDOV FRQVLGHUDEOH ZRUN RQ VLPXODWLRQ IRU PRGHOLQJ HDUWKPRYLQJ
RSHUDWLRQ >@ 7UDGLWLRQDOO\ VLPXODWLRQ ZRUNV WKURXJK XWLOL]LQJ KLVWRULFDO GDWD LQ WKH IRUP RI VWDWLVWLFDO
GLVWULEXWLRQVWRUHSUHVHQWGLIIHUHQWSURFHVVHV7KHKLJKO\G\QDPLFHQYLURQPHQWRIFRQVWUXFWLRQSURMHFWVDGGVDVHQVH
RIXQLTXHQHVVWRHDFKSURMHFWZKLFKTXHVWLRQVWKHYDOLGLW\RIXVLQJKLVWRULFDOGDWDRIRWKHUSURMHFWVWRUHSUHVHQWD
SURMHFW DWKDQG+HQFH WKHUH LV DQHHG IRU DPHWKRG WKDWSXWV WRJHWKHU WKHFDSDELOLWLHVRI WUDGLWLRQDOPRGHOLQJRI
FRQVWUXFWLRQRSHUDWLRQVDQGUHDOWLPHILHOGGDWDDFTXLVLWLRQ0DQ\UHVHDUFKHUVH[SORUHGUHDOWLPHVLPXODWLRQ>@
6RIDUPRVWUHVHDUFKHUVIRFXVHGWKHLUZRUNRQHDUWKPRYLQJFRQVWUXFWLRQRSHUDWLRQV>@

'HVSLWHWKHDGYDQWDJHVRIFRPSXWHUVLPXODWLRQLWUHTXLUHVWUDLQHGVWDIIIRUPRGHOGHYHORSPHQWDQGGDWDHQWU\
VSHFLDOL]HGVLPXODWLRQVRIWZDUHDQGSDVWKLVWRULFDOGDWDWRJHQHUDWHRSHUDWLRQVSUREDELOLW\GLVWULEXWLRQV,QRUGHUWR
UHFWLI\WKHOLPLWDWLRQVRIWKHFXUUHQWPRGHOVDQHZDXWRPDWHGWRROLVGHYHORSHG7KLVSDSHUSUHVHQWVDXWRPDWHGWRRO
WKDWVWRFKDVWLFDOO\IRUHFDVWSURGXFWLYLW\RIHDUWKPRYLQJRSHUDWLRQV7KHWRROXVHVVSDWLDOWHFKQRORJLHV*36*,6IRU
DXWRPDWHG VLWH GDWD DFTXLVLWLRQ WR PHDVXUH DFWXDO SHUIRUPDQFH $V ZHOO LW XWLOL]HV '(6 LQ IRUHFDVWLQJ PRGXOH
PDNLQJXVHRIFDSWXUHGGDWD IURP*36*,6 WR WDNH LQWRDFFRXQW WKHXQFHUWDLQW\DVVRFLDWHG LQ WKHRSHUDWLRQ7KLV
SDSHUEXLOGVRQHDUOLHUZRUNDQGUHODWHGGHYHORSPHQWVPDGHE\WKHDXWKRUV>@
5HVHDUFK0HWKRGRORJ\
7KHSURFHVVRIFDSWXULQJHDUWKPRYLQJRSHUDWLRQVGDWDVWDUWVE\DVVLJQLQJ*36WRWKHKDXOLQJWUXFN7KHDVVLJQHG
*36 UHSRUWV WKH KDXOLQJ WUXFN H[DFW ORFDWLRQ 7KHQ WKH GDWD LV WUDQVIHUUHG WR WKH ZHE VHUYHU 7KH GDWD LV WKHQ
SURFHVVHG DXWRPDWLFDOO\ ZLWKRXW DQ\ KXPDQ LQWHUYHQWLRQ WR FDOFXODWH WRWDO F\FOH WLPH IRU HDFK WUXFN DQG LWV
UHVSHFWLYH ORDGLQJ WUDYHO GXPSLQJ DQG UHWXUQGXUDWLRQV IRUPRUH GHWDLOV UHIHU WR >@7UXFN FKDUDFWHULVWLFV DQG
H[FDYDWHGVRLOSURSHUWLHVDUH UHWULHYHG IURP WKHGDWDEDVH WRFDOFXODWH WKHDFWXDOSURGXFWLYLW\RI WKHKDXOLQJ WUXFN
$FWXDOSURGXFWLYLW\LVDIXQFWLRQRIKDXOLQJWUXFNQXPEHURIWULSVPDGHDWFHUWDLQSHULRGZKLFKUHTXLUHVFDOFXODWLQJ
WUXFNGLIIHUHQWF\FOHWLPHGXUDWLRQV&RQVHTXHQWO\FDOFXODWLQJF\FOHWLPHDFFXUDWHO\LVNH\HOHPHQWIRUHVWLPDWLQJ
RQVLWH DFWXDO SURGXFWLYLW\ 7UXFN F\FOH WLPH FRQVLVWV RI IRXU PDLQ FRPSRQHQWV ZKLFK DUH ORDGLQJ WUDYHOLQJ
GXPSLQJDQGUHWXUQ7KHORDGLQJWLPHLV WKHWLPHWKDW WKHWUXFNLV LQVLGHWKHORDGLQJDUHD7UDYHO WLPHLV WKHWLPH
VSHQWEHWZHHQH[LWLQJORDGLQJDUHDVXQWLOHQWHULQJGXPSLQJDUHD'XPSLQJWLPHLVWKHWLPHWKDWWKHWUXFNLVLQVLGH
WKHGXPSLQJDUHD5HWXUQWLPHLVWKHWLPHUHTXLUHGIRUWKHWUXFNWRWUDYHOEDFNIURPGXPSLQJDUHDWRORDGLQJDUHDWR
VWDUWQHZF\FOH

0RVWIRUHFDVWLQJPHWKRGVIRUUHSHWLWLYHF\FOLFFRQVWUXFWLRQRSHUDWLRQVXVHGHWHUPLQLVWLFDSSURDFKHVRUVWRFKDVWLF
DSSURDFKHV EXW EDVHG RQ KLVWRULFDO GDWD RI VLPLODU SDVW SURMHFWV 7KHVH PHWKRGV GLG QRW FRQVLGHU XQFHUWDLQW\
8WLOL]LQJ VXFKGDWD LV DQREVWDFOH IRU DFFXUDWHO\ VLPXODWLQJ WKH VWDWXVRI WKHVHRSHUDWLRQVRQFXUUHQWSURMHFWV)RU
H[DPSOH LQFDVHRI HDUWKPRYLQJRSHUDWLRQV WKHF\FOH WLPHGLIIHUV DV WKH WUDYHO WLPHRI WUXFNVFDQEHDIIHFWHGE\
VHYHUDOG\QDPLFIDFWRUVVXFKDVZHDWKHUFRQGLWLRQVRSHUDWLQJFRQGLWLRQVLQWKHH[FDYDWLRQDUHDDQGWUDIILFRQWUDYHO
URDGV $FFRUGLQJO\ 'LVFUHWH (YHQW 6LPXODWLRQ '(6 LV XWLOL]HG LQ WKLV UHVHDUFK WR IRUHFDVW DFWLYLW\ IXWXUH
SHUIRUPDQFH7KHUHIRUHWKHGHYHORSHGPHWKRGGHPRQVWUDWHVWKHVWRFKDVWLFYDOXHRIKDXOLQJWUXFNVFDSWXUHGGDWDDQG
XVHVWKHDFWXDOFROOHFWHGGDWDRIWKHHODSVHGSHULRGV6LQFHWKLVGDWDQDWXUDOO\LQKHULWVLQLWVHOIYDULDEOHVRIVWRFKDVWLF
QDWXUHVXFKDVZHDWKHU'(6LVXVHGWRIRUHFDVWIOHHWSURGXFWLYLW\DQGFRQVHTXHQWO\WKHIRUHFDVWHGDFWLYLW\¶VGXUDWLRQ
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DQGFRVW,WLVDOVRXVHGWRH[SHULPHQWZLWKGLIIHUHQWIOHHWFRQILJXUDWLRQDQGLWVLPSDFWRQIRUHFDVWHGWLPHDQGFRVW
7KH FDSWXUHG GDWD IRU ORDGLQJ KDXOLQJ GXPSLQJ DQG UHWXUQLQJ DUH XVHG WR JHQHUDWH UHSUHVHQWDWLYH 3UREDELOLW\
'LVWULEXWLRQ)XQFWLRQV3')7KRVH3')VDUHXVHGDVDQLQSXWIRUWKH'(6PRGHOWRHYDOXDWHWKHFXUUHQWRSHUDWLRQ
DQGWRKLJKOLJKWWKHSHUIRUPDQFHERWWOHQHFNVDQGWRH[SHULPHQWWKHIOHHWFRQILJXUDWLRQLIQHHGHG

,QDGGLWLRQLIWKHDFWLYLW\GXULQJWKHHODSVHGSHULRGH[SHULHQFHGGHOD\FRUUHFWLYHDFWLRQVFRXOGEHSODQQHGEDVHG
RQJHQHUDWLQJGLIIHUHQWIOHHWFRQILJXUDWLRQVXVLQJ'(67KLVPHWKRGLVDXWRPDWHGEXWUHTXLUHVKXPDQLQWHUYHQWLRQLQ
VHOHFWLQJGLIIHUHQWVFHQDULRVVXFKDVWKHQXPEHURIH[FDYDWRUVKDXOLQJXQLWVDQGWKHLUFDSDFLW\,WLVEXLOWEDVHGRQ
WKHLQWHUDFWLRQEHWZHHQWKHV\VWHPDQGWKHFHQWUDOGDWDEDVHZKHUHWKHSDVWSHULRGF\FOHVWLPHDQGLWVFRPSRQHQWKDV
EHHQVWRUHG)LJXUHVKRZVWKHPHWKRGJHQHUDOIORZFKDUWVWDUWLQJE\JHQHUDWLQJWKH3')IRUF\FOHWLPHFRPSRQHQWV
IURPWKHFDSWXUHGGDWDUHWULHYHG3')VKRXOGEHJHQHUDWHGIRUHDFKF\FOHWLPHFRPSRQHQWLHORDGLQJWLPHWUDYHO
WLPHDQGGXPSLQJWLPHWKDWEHVWILWVWKHSURFHVVLQFOXGLQJLWVDVVRFLDWHGSDUDPHWHUVHJPHDQYDOXHDQGVWDQGDUG
GHYLDWLRQ7KHILWWHGIXQFWLRQVDUHWKHQXVHGDVDQLQSXWIRUWKHVLPXODWLRQPRGHOWRJHQHUDWHDQGHYDOXDWHGLIIHUHQW
VFHQDULRV

)LJ7KHSURFHVVRIVWRFKDVWLFDOO\IRUHFDVWLQJSURGXFWLYLW\
,Q WKLV UHVHDUFK6WURER6FRSHGLVFUHWH HYHQW VLPXODWLRQ HQJLQHZDVXWLOL]HG6SHFLDOO\GHVLJQHG'(6PRGHO IRU
HDUWKPRYLQJRSHUDWLRQVLVGHSOR\HGDVGHSLFWHGLQ)LJXUH7KLV'(6PRGHOLVDW\SLFDOPRGHODQGXVHGIRUGDWD
PDQLSXODWLRQ DQG SURFHVVLQJ WR FDOFXODWH WKH VWRFKDVWLF IRUHFDVWHG SURGXFWLYLW\ DQG WR H[SHULPHQW GLIIHUHQW IOHHW
FRQILJXUDWLRQV LQ FDVHRI DQ\ FRUUHFWLYH DFWLRQ7KH'(6PRGHO UHWULHYHV WKH HDUWKPRYLQJRSHUDWLRQGDWD VXFK DV
WRWDOTXDQWLW\RIHDUWKZRUNQXPEHURIKDXOLQJWUXFNVDQGH[FDYDWRUVKDXOLQJWUXFNFDSDFLW\DQG3')IRUGLIIHUHQW
F\FOHWLPHFRPSRQHQWVIURPWKHGDWDEDVH7RIDFLOLWDWHGDWDVWRUDJHIXVLRQDQGSURFHVVLQJDUHODWLRQDOGDWDEDVHZDV
GHYHORSHG 7KH GDWDEDVH KDV  HQWLWLHV LQWHUFRQQHFWHG ZLWK RQHWRPDQ\ PDQ\WRRQH DQG PDQ\WRPDQ\
UHODWLRQVKLSV'XHWRVSDFHOLPLWDWLRQWKH(QWLW\5HODWLRQVKLS(5GLDJUDPLVQRWLQFOXGHG7KH'(6UHSRUWVWRWKH
XVHU WKH IRUHFDVWHG IOHHW SURGXFWLYLW\ DQG LWV DVVRFLDWHG FRVW DQG WLPH 7KHXVHU LQWHUDFWVZLWK WKH'(6PRGHO WR
FKDQJHWKHIOHHWFRQILJXUDWLRQRQO\7KHQGLIIHUHQWVFHQDULRVDUHJHQHUDWHGIRUWKHXVHUZKLFKFRXOGKHOSLQWLPHRU
FRVWRSWLPL]DWLRQDQGPDNLQJLQIRUPHGGHFLVLRQV
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
)LJ6SHFLILFSXUSRVHHDUWKPRYLQJRSHUDWLRQ'(6PRGHO
7KHVLPXODWLRQPRGHOHTXDWLRQVDUHDVIROORZLQJ
• ([FDYDWRU,GOH5DWLR 7KHWLPHZHLJKWHGDYHUDJHRIWKHFRQWHQWRI([FDYDWRU4XHXH1XPEHURI([FDYDWRUV
• ([FDYDWRU8WLOL]DWLRQ ±([FDYDWRU,GOH5DWLR    
• 7UXFN,GOH5DWLR 7KHWLPHZHLJKWHGDYHUDJHRIWKHFRQWHQWRI7UXFN4XHXH1XPEHURI7UXFNV
• 7UXFN8WLOL]DWLRQ ±7UXFN,GOH5DWLR     
• 7LPHRIRSHUDWLRQLQKRXUV 6LPXODWLRQ7LPH    
• 3URGXFWLRQUDWHPKU 7KHFXUUHQWFRQWHQWRI'XPSHG6RLO4XHXH7LPHRIRSHUDWLRQLQKRXUV 
• 7RWDOFRVWRIRSHUDWLRQ >7UXFNFRVWKU1XPEHURI7UXFNV([FDYDWRUFRVWKU1XPEHURI([FDYDWRUV@
7LPHRIRSHUDWLRQKU     
• 8QLWFRVWP 7RWDOFRVWRIRSHUDWLRQ7KHFXUUHQWFRQWHQWRI'XPSHG6RLO4XHXH
,QWKLVUHVHDUFK*36GHYLFHZDVPRXQWHGRQDKDXOLQJWUXFNWRFDSWXUHWKHVSDWLDOGDWDDORQJGHVLJQDWHGKDXOLQJ
URDGV IRU WKH SURMHFW )LHOG VWXGLHV ZHUH FRQGXFWHG GXULQJ WKH FRQVWUXFWLRQ RI WKH &HQWHU IRU 6WUXFWXUDO DQG
)XQFWLRQDO*HQRPLFV&6)*DW&RQFRUGLD8QLYHUVLW\7KHSURMHFW LV ORFDWHGDW WKHFRUQHURI6KHUEURRN6W:HVW
DQG :HVW %URDGZD\ 6W LQ 0RQWUHDO ,W IRUPV DQ H[SDQVLRQ WR WKH H[LVWLQJ 6FLHQFH &RPSOH[ '(6 UHTXLUHV
3UREDELOLW\'HQVLW\)XQFWLRQ3')IRUHDFKRSHUDWLRQ6R2UDFOH&U\VWDO%DOOZDVXWLOL]HGWRJHQHUDWHEHVWILW3')
RI WKHF\FOLFRSHUDWLRQV7KHUHIRUH6WURERVFRSHZDV LQWHJUDWHGZLWK2UDFOH&U\VWDO%DOO WR VWRFKDVWLFDOO\ IRUHFDVW
SURJUHVV RI HDUWKPRYLQJ RSHUDWLRQV ,Q DGGLWLRQ WKLV LQWHJUDWLRQ ZDV XVHG DOVR WR H[SHULPHQW WKH GLIIHUHQW IOHHW
FRQILJXUDWLRQ LPSDFW RQ SURGXFWLYLW\ WLPH DQG FRVW RI WKH RSHUDWLRQ 7KH EHVWILW GLVWULEXWLRQ SURGXFHG IRU WKH
ORDGLQJWLPHZDVORJQRUPDOGLVWULEXWLRQZLWKDPHDQYDOXHRIPLQDQGDVWDQGDUGGHYLDWLRQRIPLQ7KH
EHVWILW GLVWULEXWLRQSURGXFHG IRU WKH WUDYHOOLQJ WLPHZDV DOVR ORJQRUPDO GLVWULEXWLRQZLWK DPHDQYDOXH RI 
PLQDQGDVWDQGDUGGHYLDWLRQRIPLQ6LPLODUO\ WKHEHVWILWGLVWULEXWLRQSURGXFHG IRU WKHGXPSLQJ WLPHZDV
ORJQRUPDOGLVWULEXWLRQZLWKDPHDQYDOXHRIPLQDQGDVWDQGDUGGHYLDWLRQRIPLQ)LQDOO\ WKHEHVWILW
GLVWULEXWLRQ SURGXFHG IRU WKH UHWXUQLQJ WLPHZDV D ORJQRUPDO GLVWULEXWLRQZLWK DPHDQ YDOXH RI PLQ DQG D
VWDQGDUGGHYLDWLRQRIPLQ
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7KHYDULDEOHVLQWKH'(6PRGHODUHWKHQXPEHURIKDXOLQJWUXFNVWUXFNFDSDFLW\QXPEHURIORDGHUVWKHTXDQWLW\
RIUHPDLQLQJH[FDYDWLRQWUXFNFRVWSHUKRXUDQGWKHORDGHUFRVWSHUKRXU7KHV\VWHPUHWULHYHVDOOWKLVGDWDIURPWKH
GDWDEDVH7RJHQHUDWH3')IRUHDFKF\FOHWLPHFRPSRQHQWWKHXVHUVSHFLILHVWKHGDWDUDQJHLHVWDUWGDWHDQGILQLVK
GDWH 7KHQ WKH V\VWHP H[WUDFWV WKH F\FOH WLPH FRPSRQHQWV IURP WKH GDWDEDVH DQG ILOWHUV LW WR WKH VSHFLILHG GDWD
UDQJH ,Q DGGLWLRQ WKHUH LV DQ RSWLRQ WR H[FOXGH GDWHV IURP WKLV GDWD UDQJH7KLV HQDEOHV UHPRYLQJ VSHFLILF WLPH
SHULRGVGXULQJZKLFKH[FHSWLRQDOFRQGLWLRQVDUHNQRZQWRKDYHSUHYDLOHGDQGDUHQRWOLNHO\WREHUHSHDWHG2UDFOH
&U\VWDO%DOOLVXWLOL]HGDIWHUZDUGVWRJHQHUDWHEHVWILW3')IRUHDFKF\FOHWLPHFRPSRQHQWEDVHGRQWKHFDSWXUHGGDWD
VSHFLILHGGDWHUDQJHDVVKRZQLQ)LJXUH


)LJ6WRFKDVWLFIRUHFDVWLQJRYHUYLHZ
:KHQWKHXVHUSUHVVHVVLPXODWLRQUHSRUWLQJWKHUHVXOWVLVVHQGWRDQH[FHOILOHRQWKHXVHUFRPSXWHUGHVNWRS7KH
UHVXOWVDUHWKHRSHUDWLRQIRUHFDVWHGORDGHUXWLOL]DWLRQWUXFNXWLOL]DWLRQSURGXFWLRQUDWHWLPHWRWDOFRVWDQGWKHXQLW
FRVWRIH[FDYDWHGPDWHULDO6LQFHWKHIRUHFDVWLQJSURFHVVZDVGRQHVWRFKDVWLFDOO\WKURXJK3')V7KHQWKHUHVXOWVLV
QRWFULVSYDOXHVLWLVLQWKHIRUPRIDYHUDJHVWDQGDUGGHYLDWLRQPD[LPXPDQGPLQLPXPYDOXHVDVVKRZQLQ)LJXUH
,QFDVHWKHXVHUZDQWVWRH[SHULPHQWZLWKWKHGLIIHUHQWIOHHWFRQILJXUDWLRQEXWZLWKWKHVDPH3')V7KHQWKHXVHU
FRXOGHQWHUWKHPLQLPXPDQGPD[LPXPQXPEHURIWUXFNVDQGORDGHUVLQWKHIRUP6LPLODUO\WKHVDPHSURFHGXUHLV
IROORZHGEXWZLWKGLIIHUHQWVFHQDULRVDVVKRZQLQ)LJXUH
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
)LJ6LPXODWLQJGLIIHUHQWIOHHWFRQILJXUDWLRQ
&RQFOXVLRQ
7KHSUHVHQWVWXG\GHPRQVWUDWHGWKHVLJQLILFDQFHRILQWHJUDWLQJ*36GDWDZLWKFRPSXWHUVLPXODWLRQIRUPRGHOLQJ
HDUWKPRYLQJ RSHUDWLRQV ,W SUHVHQWV D SUDFWLFDO DQG HDV\ WR XVH WRRO IRU HVWLPDWLQJ SURGXFWLYLW\ RI HDUWKPRYLQJ
RSHUDWLRQV7KHGHYHORSHGWRROZDVXVHGWRPRGHOWKHHDUWKPRYLQJRSHUDWLRQVRIDFRQVWUXFWLRQSURMHFWLQWKHZHVW
HQGRI0RQWUHDO7KHUHVXOWVRIWKHDQDO\VLVSHUIRUPHGLQGLFDWHKRZWKHSUHVHQWHGDXWRPDWHGWRROFDQEHKHOSIXOLQ
IDFLOLWDWLQJWLPHO\FRUUHFWLYHDFWLRQV7KLVXVHIXOIHDWXUHRIWKHGHYHORSHGPHWKRGFDQEHDWWULEXWHGWRLWVXWLOL]DWLRQ
RI DFWXDOQHDUUHDOWLPHGDWDFDSWXUHGE\*36 UHFHLYHUVZKLFK VXSSRUWV WLPHO\FRUUHFWLYHDFWLRQV7KHGHYHORSHG
PHWKRG FDQ DVVLVW SURMHFW WHDPV LQ HVWLPDWLQJ UHDOLVWLF DQGPRUH UHOLDEOH SURGXFWLYLW\ RI HDUWKPRYLQJ RSHUDWLRQV
DFFRXQWLQJIRUIDFWRUVVXFKDVZHDWKHUDQGWUDIILFFRQGLWLRQV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOG OLNH WR WKDQN0U3HWHU%ROOD$VVRFLDWH9LFH3UHVLGHQW DQG'LUHFWRURI&RQFRUGLD8QLYHU
VLW\¶V)DFLOLWLHV0DQDJHPHQW'HSDUWPHQWDQG0V0DULH&ODXGH3RLWUDVRI*HQLYDUIRUSURYLGLQJDFFHVVWRWKHMRE
VLWH DQG WR WKH GDWD XVHG LQ WKH FDVH VWXG\ 7KH ILQDQFLDO VXSSRUW SURYLGHG E\ 16(5& WR WKH IRXUWK DXWKRU LV
JUDWHIXOO\DFNQRZOHGJHG

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